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Abstract— Tea waste and cooked waste can be utilized as an 
alternate feedstock to cow dung for production of biogas, a 
promising alternative energy source for the limited fossil fuels. 
A detailed analysis is performed on tea waste, cow dung and 
cooked waste.  The content of ash, moisture, volatile matter, 
fixed carbon, lignin is described in proximate analysis while 
carbon, hydrogen, nitrogen, phosphorous, potassium content 
including Carbon:Nitrogen (C:N) ratio and pH value are 
measured in ultimate analysis. Detailed morphological analysis 
of the three types of feedstock has been determined by scanning 
electron microscopy (SEM). In the present work, thermo 
gravimetric analysis carried out to find temperature points and 
ranges, in which de-volatilization of biomass occurs. Further, 
chemical oxygen demand (COD) and bio-logical oxygen 
demand (BOD) analysis has been carried out. It has been 
observed that the value of COD is higher for tea waste and 
cooked waste as compared to the cow dung. During ultimate 
analysis it has been found that C:N ratio of tea waste and 
cooked waste are very close to the optimum C:N ratio. A 
proposed analysis can be helpful for the efficient biogas 
production by using tea waste and cooked waste instead of cow 
dung. In the area of human livings, the cow dung is not easily 
available. By using tea waste and cooked waste, the bio gas 
production will be more as compared to the cow dung. Hence, 
the tea waste and cooked waste are more efficient than the cow 
dung. However, the alternate of cow dung are easily available. 
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I. INTRODUCTION 
Bio energy production from local bio resources has a great 
potential. It is important to reduce dependency on fossil fuels 
and decrease green house gas emission. In  industries there are 
always left over or waste products. Tea plants (Camellia 
sinensis) are commonly grown in the north east region of India. 
High quality tea is harvested from the three top leaves of the 
shoot on tea plant in the tea garden. While tea producer cut the 
top tea leaves with special tea shears, some overgrown woody 
shoots, which may include six-seven top leaves, are mixed in 
the tea harvest. During the tea production procedure, this 
woody overgrown shoots are not treated by tea factory and 
formed into tea waste. Tea manufacturing industries throw out 
lots of waste teas, daily, as left over. According to Tea Waste 
(Control) Order, 1959, every tea manufacturing unit should 
declare at least 2% of its production as tea waste [1]. 
Approximately 857,000 tonnes of tea is produced in India per 
year, which is 27.4% of total world production. After 
processing, tea factory waste is about 190,400 tonnes [2]. 
Assam, situated in the north east region of India is the single 
largest contagious tea growing area in the world and as such is 
the hub for bulk production of tea waste. To add to its 
economy, tea waste has been successfully used as fertilizer, 
compost tea, as a source of potassium and as a medium for 
mushroom cultivation. Anaerobic digestion has been suggested 
as a promising technique for pollution reduction when used for 
energy production from high moisture waste [3-7]. In the 
present work the potential of tea waste has been assessed for 
biogas production and compared with that of cow dung and 
cooked waste, another high moisture content waste produced in 
bulk in every locality. 
 
II. MATERIALS AND METHODOLOGY 
Three samples viz., cow dung, tea waste and cooked waste, 
have been used in the present work. Biomasses are 
characterized by what is called the "Proximate and Ultimate 
analyses".  The "proximate" analysis gives moisture content, 
volatile content, ash content, moisture content, lignin content. 
Total solids, moisture, lignin and ash of samples were 
determined by using Laboratory Analytical Procedures (LAPs) 
provided by the National Renewable Energy Laboratory 
(NREL). The "ultimate" analysis" gives the composition of the 
biomass in weight % of carbon, hydrogen (the major 
components) as well as potassium, phosphorous, and nitrogen 
(if any).  Truspec CHN LECO is used for ultimate analysis 
(carbon, hydrogen and nitrogen). The phosphorous and 
potassium content was determined by SEM-EDX. SEM-EDX is 
the name of the energy-dispersive X-ray spectroscopy analysis 
conducted by means of Scanning Electron Microscope (SEM). 
The pH value of samples was determined by pH meter. The 
surface characteristics of the biomass were analysed by using 
SEM (LEO-1430). The heating values of the samples were 
measured for combustion in an adiabatic oxygen bomb 
container as per IP-12 and IS-1305. Thermo gravimetric 
analysis (TGA) measurements were performed on a Metter 
TGA/SDTA 851 Thermo gravimetric analyzer. COD values of 
different samples were determined by the modified open reflux 
method (APHA-AWWA-WPCF) as described by Yadvika et 
al. (2006) [8], which are suitable for samples with high 
percentage of suspended solids. COD assays were conducted 
according to open reflux method. The Biological Oxygen 
Demand (BOD) determination is an empirical test in which 
standardized laboratory procedures are used to determine the 
relative oxygen requirements of waste waters, effluents and 
polluted waters. 
For the Proximate and Ultimate analysis, heating value, 
thermo gravimetric, chemical oxygen demand and biological 
oxygen demand analyses following equations are used. 
Percentage of Total solid 
 = [{(Weight of dry pan + dry sample) - Weight of dry pan} / 
Weight of sample as received] 
x 100                                                                                   (1) 
 
Percentage of Moisture = 100 – percentage of Total solid (2) 
 
Percentage of Ash 
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= [{(Weight of crucible + ash) – weight of crucible} / Oven dry 
weight of sample] x100                                                    (3) 
Volatile content = [(m2 – m3) / (m2 – m1)] x 100                  (4) 
where m1 is a mass of the empty crucible with the lid, m2 is a 
mass of the crucible with lid and the sample before heating, m3 
is a mass of the crucible with lid and the sample after heating. 
Fixed carbon 
 = 100 - ash - water content (moisture) - volatiles                  (5) 
Percentage of Lignin   =   % AIL + % ASL                           (6)                                                                            
where AIL is acid insoluble lignin, ASL is acid soluble lignin 
Heating Value  
= (WE x Temperature rise) / Sample weight                          (7) 
 where WE is the water equivalent = 2568.293 and T for 
differential temp. 
Chemical oxygen demand, (COD) in mg/l 
 = {(A – B) x M x 8000} / V                                                   (8) 
where, A is a  volume of blank titrant (ml), B is a volume of 
sample titrant (ml), 
 M is the molarity of FAS solution 
= [Volume 0.04167M K2Cr2O7 Solution titrated, ml /Volume 
FAS used in titration, ml] x 0.2500  
8000 = mill equivalent weight of oxygen X 1000 ml/l, 
and   2 1
D D
V
P

                                                                                                                  
where Y  is the mass of the dry solid sample used for analysis, 
1X   is the volume of original slurry sample used for drying, 
X  is the solid content of 
1X  ml of the slurry sample. Thus V  
is the volume in ml of original slurry, which would have 
contained Y  grams of the dry solids. 
Biological Oxygen Demand, BOD5, mg/l 
2 1D D
P

     (9)                                                    
where 1D  is the DO (Dissolved Oxygen) of diluted sample 
immediately after preparation in mg/l, 2D  is the DO of diluted 
sample immediately after 5 days incubation at 20 
O
C in mg/l, 
P  is the decimal volumetric fraction of sample used. 
 
III. RESULTS AND DISCUSSION 
The total solid matter of biomass includes volatile organic 
matter (volatile solids) and non-volatile organic matters (fixed 
solids). During anaerobic fermentation process volatile solids 
undergo digestion and non-volatile solids remain unaffected. A 
very high total solid content indicates higher production of 
biogas, as shown in fig.1. The total solid content of tea waste 
(87.94%) is almost equal to cow dung (90.12%). However, 
cooked waste has very high total solid (55.01%). 
 
 
Fig. 1  Total solid content in feedstock 
Moisture content increases the crystallinity of cellulose as 
indicated by Taherzadeh et al. (2008) [9]. And due to 
crystallization of highly amorphous cellulose hydrolysis 
process, which is a very prominent process for biogas 
production, becomes very difficult. So higher moisture content 
indicates lower biodegradability, which in other words 
increases the time requirement for the digestion as well as for 
the biogas production. Figure 2 shows that cooked waste has 
very high moisture content (44.99%) as compared to tea waste 
(12.06%) and cow dung (9.88%). 
 
Fig. 2 Moisture content in feedstock 
  The ash content of tea waste (5.45%) and cooked waste 
(03.88%) are very low as compared to cow dung (12.35%) as 
shown in Fig 3. Ash is inorganic matter, does not undergo 
digestion and remain unaffected. More ash content in biomass 
means, less amount of biogas will be produced. Hence, cooked 
waste produce higher amount of biogas as compared to tea 
waste and cow dung. 
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Fig. 3 Ash content in feedstock 
Tea waste has a high volatile content (64.1%), which is nearly 
equal to that of cow dung (66.2%). However cooked waste has 
volatile content of 36.05% as indicated in Fig 4. 
 
Fig 4 Volatile content in feedstock 
 
 The fixed carbon content is the highest in tea waste, which is 
18.31% as compared to 11.57% and 15.08% for cow dung and 
cooked waste respectively as shown in fig.  5. Fixed carbon is 
the solid combustible residue that remains after a biomass 
particle is heated and the volatile matter is expelled. The fixed-
carbon content of a biomass is determined by subtracting the 
percentages of moisture, volatile matter and ash from a sample. 
Since gas-solid combustion reactions are slower than gas-gas 
reactions, a high fixed-carbon content indicates that the 
biomass will require a long time to produce combustible 
biogas. For this reason cow dung produces combustible biogas, 
faster than cooked waste and tea waste.  
 
Fig 5 Fixed carbon content in feedstock 
The effect of lignin content on the biodegradability seems to be 
linear and has been worked out that for every increase in one 
percent of lignin the biodegradability drops by about 3% [10]. 
It has been observed from lignin content analysis for biomass 
that, increase in lignin content in biomass, increases  the time 
requirement for digestion. The lignin content in tea waste is 
28.56%, which is higher than cow dung (19.8%). 
 
Fig 6 Lignin content in feedstock 
It is observed that the Carbon-content of tea waste (48.6%) and 
cooked waste (47.7%) is nearly equal and both are about 12-
13% higher than that of cow dung as shown in Fig 7. 
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Fig 7 Carbon content in feedstock 
 
 
It is observed that the Nitrogen-content of tea waste (2.6%) and 
cooked waste (2.9%) is nearly equal and both are higher than 
that of cow dung. 
 
Fig 8 Nitrogen content in feedstock 
 
 
C:N ratio of the feedstock is an important parameter governing 
anaerobic digestion process. It is generally found that during 
digestion micro organism utilizes carbon 25 to 30 times more 
than nitrogen. Thus optimum C:N ratio is 25 to 30. The C:N 
ratio of tea waste (18.69%) and cooked waste (16.44%) is about 
4-6% lower than that of cow dung (22.7%). The C:N ratio of 
cow dung is very close to the optimum C:N ratio but for tea 
waste and cooked waste it is almost nearby  optimum value. 
 
 
Fig. 9 C/N Ratio in feedstock 
The pH value of biomass is another important factor for biogas 
production. During anaerobic fermentation micro-organisms 
requires a natural or mildly alkaline environment for efficient 
gas Production. The optimum pH value for biogas production 
in digester is between 6.25 to 7.50. The pH value of tea waste 
(4.2) and cooked waste (5.2) was found to be lower as 
compared to cow dung (5.6). 
 
Fig 10 PH content in feedstock  
 
The potassium content of tea waste (0.6%) and cooked waste 
(0.8%) is found to be almost similar cow dung (0.7%). 
 
 
Fig 11 potassium content in feedstock 
The phosphorous content of cooked waste (0.01%) is found to 
be similar cow dung. While Tea waste has 10% higher 
phosphorous content than cooked waste & cow dung. 
 
Fig 12 Phosphorous content in feedstock 
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Hydrogen content is higher in cooked waste (7.6%) as 
compared to tea waste (5.43%) and cow dung (6.2%). 
 
Fig 13 hydrogen content in feedstock 
 
 
Lignocellulosic materials have two different types of surface 
area, external and internal. The external surface area is related 
to the size and shape of the particles, while the internal surface 
area depends on the capillary structure of cellulosic fibers. 
There is a good correlation between the accessible surface area 
and the enzymatic digestibility of Lignocellulosic materials 
[11]. Figure 14 shows the external surface morphology of the 
feed stock. It has been observed that the surface morphology of 
cow dung is highly porous mass with easy accessibility. Tea 
waste is observed as a mass of compact fibers with tunnels, 
intermittent grooves and minute pores serving as the route to 
enzyme penetration. The morphology of cooked waste looks 
like a compact globular mass of multiple units with hollow 
grooves. From SEM analysis it has been observed that cow 
dung easily digestible but tea waste and cooked waste are not 
easily digestible. 
              
(a)                                                  (b)  
 
 
 
 
                        (c) 
 
Fig 14   SEM images of [a] Tea waste, [b] Cow dung and [c] 
Kitchen waste 
 
 
TGA analysis of the feed stock was performed to determine 
temperature points and ranges where devolatilization of 
biomass occurs, which provides qualitative and quantitative 
information regarding the organic content of the sample [12]. 
The higher the temperature at which weight loss occur, the 
more resistant and ordered structurally is the organic fraction 
which is burning [13]. TGA curves have been represented in 
terms of the percentage of the weight loss experienced by the 
sample in Fig. 15.The first loss of weight registered at low 
temperatures is associated with dehydration of the samples. A 
broad curve is observed for cooked waste due to its high 
moisture content as is also indicated by proximate analysis 
results. The curve for moisture loss for tea waste and cow dung 
is almost similar due to approximately equal content of 
moisture. Thus, as discussed in the earlier section, to increase 
the enzymatic digestibility of cooked waste its moisture content 
would have to be reduced to appreciable amount. 
 
Fig. 15 TGA profile of cow dung, tea waste and cooked waste 
  
The heating value of biomass is dependent on the amount of 
lignin and extractives; it increases with higher lignin and 
extractive contents. Heating value is higher for both tea waste 
(27.62kJ/gm) & cooked waste (15.265kj/gm) as compared to 
cow dung (8.922kJ/gm). So a high heating value is needed for 
tea waste and cooked waste for the complete digestion. In order 
to achieve the high heating value, we have to go for 
thermophilic digestion.  
 
 
Fig. 16 Heating value of Feed material 
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It is found that cooked waste has the highest COD value 
followed by tea waste and cow dung, as indicated by the fig. 
17. Cooked waste consists of simple monomers, which are 
easily biodegradable as compared to tea waste and cow dung, 
consisting of hemicelluloses, cellulose and lignin [14]. Hence, a 
high COD for cooked waste indicates its potentiality for biogas 
production.  
 
Fig.17 COD values of feed stock with different concentration 
 
Microorganisms such as bacteria are responsible for 
decomposing organic waste. When organic matter is present in 
a water supply or in a waste, the bacteria will begin the process 
of breaking down this waste. When this happens, much of the 
available dissolved oxygen is consumed by bacteria for 
remaining alive. 
Biochemical oxygen demand or BOD is a chemical procedure 
for determining the amount of dissolved oxygen needed by 
biological organisms in a body of water or in a waste to break 
down organic material present in a given water sample at 
certain temperature over a specific time period. If there is a 
large quantity of organic waste in the water supply, there will 
also be a lot of bacteria present working to decompose this 
waste. In this case, the demand for oxygen will be high (due to 
all the bacteria) so the BOD level will be high. As the waste is 
consumed or dispersed through the water, BOD levels will 
begin to decline. Here initially at inlet slurry, before digestion 
the BOD value was high (4142.85 mg/l) but when waste is 
consumed after 5 days then BOD value became very low 
(285.71 mg/l). 
 
Fig 18 BOD level in feedstock 
IV. CONCLUSION 
From the above analysis of total solid content, ash content, we 
can conclude that cooked waste and tea waste produces higher 
amount of biogas as compared to cow dung. In the analysis of 
moisture content, fixed carbon content, lignin content, scanning 
electron microscope (SEM) it is very clear that cooked waste 
and tea waste requires a long time to produce combustible 
biogas and are not easily digestible as compared to cow dung. 
Cooked waste and tea waste indicates its potentiality for biogas 
production in COD and C:N ratio  analysis. TGA, and heating 
value analysis shows that for efficient biogas production from 
tea waste and cooked waste we have to maintain a thermophilic 
digestion. 
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